This work presents a comparison between high voltage 0.35μm and high integration 0.13μm commercially available CMOS technologies to fabricate an APD array for tracking high energy particles. Size, speed and noise are fixed for the particular collider. The characterization of both technologies shows that neither of them satisfies all the imposed constrains. The high voltage technology has a low dark count rate related to the low trap concentration but the sensor is too slow. The high integration technology generates fast sensors with high dark count rates. It is concluded that in order to decrease the amount of data to save and hence memory it would be recommended the use of the 0.35μm-HV technology in front of the 0.13μm technology.
Introduction
High energy particle tracking is usually done with a 2-D matrix of sensitive elements which provide spatial coordinates and time information related to a detection event. The pixel technologies normally used are CCDs [1] , MAPS [2] , or more recently DEPFETs [3] , and SOI-based structures [4] . CCD sensors are based on the collection of the charge during a certain integration period. Those sensors present good spatial resolution and good sensitivity, but require a large power budget, cooling systems and they are radiation sensitive. MAPS sensors are based on the collection of the charge generated by the passing particle in the epitaxial layer. The collection is done by diffusion, making the sensors very sensible to minority carries lifetime. The collected charge depends on the depletion layer thickness. DEPFETS are based on the use of a MOS transistor integrated on a sideward depleted p-on-n silicon detector. This sensor produces detection and amplification. SOI detectors correspond to the bonding of a top wafer containing the sensors with a high resistivity waver giving radiation protection to the system. Among the possible detectors already exposed, we have proposed the use of Geiger APDs to fabricate a tracking detector for the future international linear collider (ILC) [5] . The selection of APDs among other technologies has been done due to their high intrinsic gain and their compatibility with standard CMOS processes, allowing the integration of electronics with the sensor [6] . The sensor required features are 20μm of lateral resolution and 10ns of measuring window. In the case of GAPDs, which have a very amplified output, low number of counts due to noise is required.
Avalanche photodiodes
An avalanche photodiode (APD) is a p-n junction biased in reverse mode above the breakdown voltage (Geiger mode) [7] . The high polarization produces a high electric field in the sensible area that accelerates the electrons/holes produced by the particle traversing the semiconductor. The accelerated carriers can achieve enough kinetic energy to produce new electron-hole pairs when impacting while traveling through the sensitive area. This process continues, increasing the number of carriers generated for a single initial pair, until the avalanche is quenched. The two main noise sources of the APDs are dark counts and afterpulsing events, which are not possible to distinguish from the detection event.
Structures under test
Two technologies with different capabilities have been used in the comparison presented here, a high voltage 0.35μm technology with low concentration of traps [8] , and a 0.13μm technology which is a high density process for electronics integration. To make the comparison between technologies, two similar square structures with 20x20μm 2 of sensible areas have been fabricated and tested. The cross-sections are depicted in figure 1 . The structures use a p-diffusion layer (anode) in an n-well (cathode) with a low doped p-well working as a guard ring to prevent premature edge breakdown. Both structures are connected through unprotected pads without internal electronic circuits.
Test results
The characterization process has been done placing the system inside a metallic box which provides electromagnetic and luminal protection to the circuit. The structures are characterized by using a 10kΩ external quenching resistance connected to the anode terminal through the bonding pads. The I-V characteristics have been measured using the four wire method with a keithley 2611A source connected to the terminal of the sensors. The dark count and afterpulsing have been measured, including statistical analysis. To do this analysis, a large number of data have been compiled with an oscilloscope. In the case of dark count, the sensors are placed inside the box and no external interaction is applied. In the case of afterpulsing, the sensors are also inside the box, and a laser source is used to produce a controlled excitation in the sensor. The laser signal is triggered together with the oscilloscope signal. Finally, the timming response has been measured with a TDS7154B oscilloscope with an active probe. The I-V characteristic on the reverse biasing condition is represented on figure 2A . The measurement shows a lower breakdown voltage for the 0.13μm technology than for the HV-0.35μm technology. The avalanche current generated in the 0.13μm technology is higher than for the HV technology. The breakdown voltage is inversely proportional to the doping concentration, indicating a higher doping in the 0.13μm technology, which also explains the higher avalanche current, as the number or carriers is also greater. The dark count noise is due to thermal generation of pairs for voltages near the breakdown, and it is represented in figure 2B . As the application requires a low noise sensor, the measurement has been limited to low excess voltages. The graphic shows a better performance for the HV-0.35μm technology in terms of noise. The dark count increases with the impurities concentration of the layers.
The afterpulsing noise corresponds to the generation of pulses correlated to a previous pulse. In this case, a pulse is induced with a laser corresponding to higher bins in figure 3A , corresponding to 0.13μm technology, and 3B, corresponding to HV-0.35μm technology. In figure 3A is clearly seen the white noise distribution of the dark counts and the absence of afterpulsing. In figure 3B , the exponential decay after the induced pulse marks the existence of afterpulsing events while the dark count of the technology is much lower. Finally, figure 3C shows the timing response for both sensors. The avalanche generation is slower for the 0.35μm technology due to the lower avalanche current, and the higher parasitic capacitance of the sensor and the bonding pads. The capacitors also increases the recharge time of the sensor. A summary of the features is given in table 1. , has a sensible window of 10ns with 2820 bunch crossing. In this case, the area occupied by the memory required to store the dark count information for the HV-0.35μm technology is 3mm 2 , while for the 0.13μm technology the area would be 5mm 2 . From this calculus, it is clear that the HV-0.35μm technology is better in terms of noise and storage memory than the 0.13μm technology.
Conclusions
From the measurements it is possible to conclude that the 0.13μm technology offers lower breakdown voltage, and lower quenching time. Both characteristics are desirable in a detector. Nevertheless the dark count level is high. Dark count is directly related to the amount of memory necessary to store fake hits and thus to the area required for the readout system. On the contrary, the HV-0.35μm technology has a lower dark count offering a higher probability of real event detection with a lower storage of data. The study shows that there is a tradeoff between the timings of the sensor and the area occupied by the readout electronics. It seems that the higher integration is not enough to compensate the dark count increase, and so the 0.35μm technology is recommended to design the tracker using GAPDs in the future linear collider.
